Results Twenty studies investigating eight different types of foot orthoses were included in the review. Most studies were of high quality. Pooled data from six studies showed no difference between prefabricated orthoses and sham orthoses for pain at short term (mean difference (MD) of 0.26 (95% CI −0.09 to 0.60)). No difference was found between sham orthoses and custom orthoses for pain at short term (MD 0.22 (95% CI −0.05 to 0.50)), nor was there a difference between prefabricated orthoses and custom orthoses for pain at short term ). For the majority of other interventions, no significant differences were found. Conclusions Foot orthoses are not superior for improving pain and function compared with sham or other conservative treatment in patients with PHP. PROsPERO registration number CRD42015029659.
InTRODuCTIOn
Plantar heel pain (PHP) is a common cause of foot pain in both primary and secondary care. [1] [2] [3] PHP accounts for approximately 11%-15% of all foot symptoms requiring medical attention in adults and for 8%-10% of all running-related injuries. 4 5 PHP is a clinical diagnosis, which is characterised by pain over the anteromedial aspect of the inferior heel that tends to increase after periods of inactivity or during weight-bearing activities. 6 Patients often report decreased quality of life as their heel pain prevents them from performing every day activities or participate in exercise or sport. 7 8 The large impact on everyday life results in a strong desire in patients for an effective treatment. 9 Even though the clinical course is considered favourable as previous literature found complete remission of symptoms in 80% of patients within 12 months. 6 However, other findings suggest that more than 40% of patients still have symptoms 2 years after diagnosis. 10 The most commonly prescribed treatments for PHP include footwear modification, taping, stretching exercises anti-inflammatory agents; extracorporal shock wave therapy; strengthening exercises and cortisone injections. 6 11-13 Despite a high number of randomised controlled trials (RCTs), there is still a lack of consensus on which treatments are most effective. This leaves the clinician with uncertainty on which treatment they should prescribe to decrease pain and improve function in their patients. 11 14 Foot orthoses for PHP have been frequently studied in the literature and are often applied. 11 15-17 Though a Cochrane review from 2008 on the effectiveness of custom-made orthoses on foot pain concluded that there is insufficient evidence from high-quality trials to support the effectiveness of these orthoses in patients with PHP. 17 Since this review, many new studies have investigated the effectiveness of orthoses in patients with PHP and a new synthesis of the literature is needed to guide the clinical decision process. The objective of this review is to investigate the effect of different foot orthoses on pain, function and self-reported recovery in patients with PHP and compare them with other conservative interventions.
METhODs
A systematic literature search was conducted in MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials, Web of Science, CINAHL and Google Scholar up to January 2017 (online supplementary file 1). Additionally, reference lists of included articles were screened for relevant articles. Two review authors (NR, HR) independently screened all titles and abstracts. Full-text articles were obtained for those citations that were thought to fulfil all predetermined inclusion criteria and were screened independently by the same authors. If consensus regarding inclusion could not be reached by the two reviewers, a third reviewer (MvM) was consulted.
selection of full-text articles
In order to be included in the systematic review, a study had to fulfil the following inclusion criteria.
Review
Type of studies RCTs written in English, Danish, Dutch, German or French examining the effectiveness of treatment with foot orthoses in patients with PHP were eligible.
Type of participants
Adults and adolescents suffering from acute or chronic PHP were included. There were no limitations regarding age, sex, setting or duration of complaints. In the literature, inconsistency in terminology for PHP exists. Studies were included if they used one or more of the following criteria in the inclusion of their study population:
► tenderness or pain in the inferior heel, the medial calcaneal tuberosity at the plantar aponeurosis or the insertion of the plantar fascia on the calcaneus during rest, exercise or palpation ► clinical evidence of PHP: pain provoked when taking the first few steps in the morning or after a period of rest, increased pain at the commencement of weight bearing.
Studies including participants with a diagnosis of a different foot pathology were excluded.
Type of outcomes
Studies reporting on pain, function or recovery were included. There were no restrictions on the type of measurement tool used or duration of the intervention.
Type of interventions
Studies comparing at least one type of foot orthosis with another type of non-surgical treatment, a control group (sham or usual care) or a different type of foot orthosis were included. Night splints were not considered to be foot orthoses. The orthoses could be prefabricated, custom made or sham.
Risk of bias assessment
The risk of bias assessment was conducted using the 12 criteria recommended by the Cochrane Back Review Group. These criteria were evaluated by two researchers independently (NR and HR). The 12 criteria were answered with 'yes', 'no' or 'unclear' for each article. Differences between the two assessors were solved by consensus. Studies with six or more positively answered questions were considered to have a low risk of bias.
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Data extraction
Two reviewers (NR and HR) independently extracted data using a standardised data extraction form and compared the extracted data. Any inconsistencies were discussed between the reviewers and unresolved disagreements were solved by involving a third author (MvM). The following data were extracted: general study information (ie, author names, country of origin), participants (ie, age, sex, duration of complaints, nature of the complaint, inclusion/exclusion criteria) and intervention characteristics (ie, description of the experimental and control interventions, co-interventions if used), compliance, duration of follow-up, withdrawals and outcome measures. Data related to pain, function and recovery were assessed, and values of all follow-up measurements were extracted (N, mean, SD, N, median, IQR or N and proportion recovery). The follow-up time intervals were defined as short term (up to 3 months), midterm (from 3 to 12 months) and long term (after 12 months). If data were not available from tables or the result section, the authors of the study in question were contacted. When possible, results from the intention-to-treat population were extracted. In case of multiple outcome measures, the outcome that was used the most in the included studies was used.
Data synthesis
When possible, the mean and SD at follow-up were used. If a study only reported the mean difference (MD) as compared with baseline, the point estimate was calculated by subtracting the MD from the mean at baseline and the SD was carried forward from baseline. All outcome scores were converted to scales ranging from 0 to 100, where necessary. Review Manager V.5.2 was used for analysis, and treatment effects were expressed in MD for continuous data and the OR or relative risk (RR) for dichotomous data, including 95% CIs. When data were considered clinically homogeneous, statistical pooling was performed according to a random effects model and standardised mean differences (SMD) were reported. If outcomes used in pooling had different directionality (eg, lower scores reflecting better or worse outcomes), all were set to the same direction. Heterogeneity in the pooled data was calculated with the Q test. When data were considered heterogeneous (I 2 >70%), descriptive statistics (MD, OR or RR) were calculated. If these were already presented by the authors, these data were used in the tables.
Review of protocol
The review protocol was written a priori and registered in PROSPERO (CRD42015029659).
REsulTs
The search identified 1766 articles of which 895 unique articles were identified after duplicates were removed. A total of 857 articles were excluded after screening title and abstract, and an additional of 18 articles were excluded after the full-text screening. Finally, 20 RCTs met the inclusion criteria and were included in this review (figure 1). Twelve authors were contacted in order to obtain more data, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] of which six authors were able to provide us with the required information.
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Risk of bias in the included studies
The initial agreement between the two authors who performed the risk of bias assessment was 92%. A total of 12 studies had a total score of 6 or higher and were considered to have a low risk of bias 15 16 19-21 24 27 30-34 (table 1) . Reasons for a high risk of bias were often an unclear or inadequate method of randomisation, no allocation concealment, no blinding of patient, care provider or outcome assessor.
Characteristics of the included studies
The number of patients included in the studies ranged from 17 to 255, with a total of 1756 patients with PHP. Follow-up of the studies ranged from 3 to 52 weeks. Five studies were performed in a hospital setting. 16 19 24 26 34 and two studies in a primary care setting. 29 32 For three studies, the setting was unknown. 23 30 35 The remaining 11 studies were set in different types of clinics for podiatric care. 15 20-22 25 27 28 31 33 36 37 Four studies also recruited patients in the open population. 15 25 27 34 A total of eight different types of orthoses and ten different types of other control interventions such as stretching exercises, corticosteroid injection or change in shoes were studied. Three studies used a sham intervention as a control online supplementary file 2.
Review Comparison of different types of foot orthoses
A summary of all results per study is given in online supplementary file 3.
Prefabricated versus custom-made orthosess
Five studies compared prefabricated orthoses with custommade orthoses. 15 16 20 21 37 All studies provided data that could be used for pooling. No difference was found on short-term pain (SMD 0.03 (95%CI −0.15 to 0.22)) between prefabricated and custom-made orthoses (online supplementary file 4). These studies were considered statistically homogeneous with an I 2 of 0%. Two studies with a low risk of bias reported on short-term function. Pooled results showed no difference ((SMD −0.17 (95% CI −0.55 to 0.38)), I
2 0%) 15 16 between both interventions (online supplementary file 5). One study reported on long-term pain and function and found no difference 15 (online supplementary file 3). One study reported self-reported recovery at short term and found a significant effect (OR 2.03 (95%CI 1.35 to 3.06)) in favour of prefabricated orthosess. 
Review
Custom-made versus sham orthoses
Three studies compared sham orthoses with custom-made orthoses. 15 19 21 All three studies had a low risk of bias. Data on short-term pain were pooled for all three studies, and no significant difference was found ((SMD 0.22 (95%CI −0.05 to 0.50))I 2 0%) between sham and custom-made orthoses (online supplementary file 6). One study reported pain at midterm and no difference was found between both interventions. 19 One study reported pain at long term and no difference was found 15 (online supplementary file 3). Three studies reported on function at short term and pooled results from two studies showed no significant difference ((SMD −0.27 (95%CI −0.58 to 0.04)), I 2 0%) between sham and custom-made orthoses(online supplementary file 7). Similar results were found in the study that could not be pooled for short-term function. 21 One study reported on midterm function and found no difference between both interventions. 19 One study reported on function at long term and found no significant difference 15 (online supplementary file 3).
Prefabricated versus sham orthoses
Two studies compared a sham orthosis with a prefabricated orthosis. 15 21 Both studies had a low risk of bias. Pooled results on short-term pain showed no significant difference between prefabricated and sham orthoses (SMD 0.26 (95%CI −0.09 to 0.60)), I 2 0%) (online supplementary file 8). One study reported on long-term pain and found no difference 15 (online supplementary file 3). Function was reported in both studies, but pooling was not possible due to incomplete reporting of the SD. 21 Landorf et al 15 showed a significantly larger improvement in function at short term for prefabricated orthoses compared with sham orthoses (MD 8.40 (scale 0-100) (95% CI 1.00 to 15.80)), but no difference was seen at long term. Wrobel et al 21 found no significant difference between the two interventions for the Foot Function Index (FFI) at short term 21 (online supplementary file 3).
Real versus sham orthoses
Since no differences were found between custom-made and prefabricated orthoses, we pooled the custom-made and prefabricated orthoses together into one group called real orthoses and compared this group with sham orthoses. Three studies compared a real orthosis with a sham orthosis. 15 19 21 All studies had a low risk of bias. Pooled results on short-term pain showed no significant difference between real and sham orthoses (SMD −0.22 (95%CI −0.47 to 0.03), I
2 0%) (online supplementary file 9). Data for function could be pooled from two studies. 15 19 Pooled results on short-term function showed no significant difference between real and sham orthoses (SMD 0.23 (95%CI −0.06 to 0.51), I 2 0%) (online supplementary file 10).
Over-the-counter arch support versus tension night splint
One study with a high risk of bias compared an over-the-counter available arch support with a tension night splint. 37 No significant differences were found between the two interventions in this study (online supplementary file 3).
Custom-made orthoses versus tension night splint
Two studies compared a custom-made orthosis with a tension night splint. 32 37 Data from these studies could not be pooled. Martin et al 37 (high risk of bias) found no significant differences between the treatment groups for pain at short term (online supplementary file 3). 37 Roos et al 32 (low risk of bias) found no differences between the groups in pain at short term 
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Criteria items: 1. Was the method of randomisation adequate? 2. Was the treatment allocation concealed? 3. Were the groups similar at baseline regarding the most important prognostic indicators? 4. Was the patient blinded to the intervention? 5. Was the care provider blinded to the intervention? 6. Was the outcome assessor blinded to the intervention? 7. Were co-interventions avoided or similar? 8. Was the compliance acceptable in all groups? 9. Was the drop-out rate described and acceptable? 10. Was the timing of the outcome assessment similar in all groups? 11. Were all randomised participants analysed in the group to which they were allocated? 12. Are reports of the study free of suggestion of selective outcome reporting?
Review and midterm 32 (online supplementary file 3). At long term, the orthosis group reported a significantly higher percentage of pain reduction compared with the tension splint group (62% vs 48%, P<0.01). No significant differences were found between the groups for function in daily living at short term and long term (online supplementary file 3). No significant difference was found between the groups for function in sport and recreation at short term and long term (online supplementary file 3). This difference was statistically significant at midterm (MD 21.00 (scale 0-100) (95% CI 3.02 to 38.97)).
Medial arch support versus low dye taping
One study with a low risk of bias compared a medial arch support with low dye taping. 31 Patients in both groups additionally received physical therapy and ultrasound treatment. Significant differences were found on both pain (Visual Analogue Scale (VAS)) and function (Manchester Foot Pain and Disability Schedule) at short term in favour of the medial arch support group (MD 1.67 (scale 0-10) (95% CI 0.58 to 2.77) and MD 5.00 (scale 0-51) (95% CI 1.50 to 8.51)), respectively).
Prefabricated foot insert versus ankle brace
The effect of a prefabricated foot insert was compared with the effect of an ankle brace in one study with a high risk of bias. 22 Additionally, both groups were instructed to perform stretching exercises and to wear athletic footwear as much as possible. No significant differences were found in this study(online supplementary file 3).
Orthoses versus corticosteroid injection
The effect of an anti-pronatory pad was compared with the effect of corticosteroid injection in one study with a high risk of bias. 23 The groups treated with injection had a significantly lower VAS score at short term (MD 28.70 (scale 0-100) (95% CI 19.53 to 37.87)) This effect was no longer seen at midterm(online supplementary file 3). The effect of a prefabricated orthosis was compared with the effect of a ultrasound-guided corticosteroid injection in one study with a low risk of bias. 33 The Foot and Ankle Outcome Score pain subscore was significantly better in the injection group at the short-term follow-up (MD −6.05 (scale 0-100) (95% CI 0.66 to 11.42)).
Orthoses versus stretching exercises
The effect of stretching exercises of the Achilles and plantar fascia were compared with different orthoses(felt full-length prefabricated orthoses, rubber heel cup, silicone heel cup and custom-made full-length orthoses) in one study with a low risk of bias. 20 Only the group treated with the silicone heel cup showed significant larger improvement in the self-reported recovery rate at short term compared with the group performing stretching exercises (OR 7.79 (95%CI 3.85 to 15.84)). No differences were found in self-reported recovery between the other interventions (online supplementary file 3). No differences in the FFI pain score at short term were found when comparing stretching exercises with the orthoses (online supplementary file 3). The effect of a static ankle brace was compared with the effect of stretching exercises in one study with a low risk of bias. 24 No differences between the different interventions were found in this study (online supplementary file 3).
Custom-made foot orthoses versus heel cup
The effect of a heel cup was compared with the effect of a custommade orthosis in two studies. 20 25 One study with a low risk of bias compared rubber and silicone heel cups with a full-length custom-made orthosis and found no differences between the groups 20 (online supplementary file 3). The effect of a custommade orthosis was compared with urethane heel pads in one study with a high risk of bias. 25 A significantly lower pain score at midterm was seen in the custom-made orthosis group (VAS score morning pain P=0.0042, VAS score rest of life P=0.009).
EZstep versus physiotherapy and injection
The effect of EZStep was compared with physiotherapy alone and with physiotherapy and injection in one study with a high risk of bias. 26 At midterm, a significantly lower VAS score was seen in the EZStep group compared with the physiotherapy group (MD −4.63 (scale 0-10) (95% CI −5.65 to -3.61)) and with the physiotherapy and injection group (MD −2.83 (scale 0-10) (95% CI −3.45 to -0.55)).
Prefabricated orthoses versus magnetic orthoses
The effect of a prefabricated orthosis was compared with an orthosis with magnetic properties in two studies. 27 36 One study with a high risk of bias compared a prefabricated orthosis with the same orthosis, but containing a magnetic foil. 36 No differences were found at short term (online supplementary file 3). One study with a low risk of bias compared cushioned orthoses containing either a real or sham magnet and found no differences at short term 27 (online supplementary file 3).
Custom-made orthoses versus chiropractic manipulation plus stretching exercises
The effect of custom orthoses was compared with chiropractic manipulation in one study with a high risk of bias. 28 No differences were found between the two groups for most outcomes at short term. Except for the Numeric Rating Scale (NRS) for worst pain at 15 days, a more favourable effect of manipulation and stretching was found (P=0.03).
Prefabricated orthoses versus heel cup
The effect of rubber and silicone heel cups was compared with a prefabricated orthosis in one study with a low risk of bias. 20 At short term, no differences were found between the groups for pain (online supplementary file 3). A statistically significant difference was found between the prefabricated orthosis and the silicone heel cup regarding self-reported response (OR 0.21 (95%CI 0.07 to 0.59)). No difference was found between the prefabricated orthosis and the rubber heel cup (online supplementary file 3).
Prefabricated orthoses versus another type of prefabricated orthosis
A non-supportive orthosis, a soft foam orthosis and a foam covered rigid self-supporting orthosis were compared in one study with a low risk of bias. 30 There was no difference in average pain score (VAS) at short term between the soft foam orthosis and the rigid self-supporting orthosis (online supplementary file 3). A functional orthosis was compared with an accommodative orthosis in one study with a high risk of bias. 29 No significant differences were found (online supplementary file 3).
Orthoses versus different types of footwear
A prefabricated orthosis, a contoured sandal and a flat flip flop were compared in one study with a low risk of bias. 34 A significantly higher number of patients with orthosis had a Lower Extremity Functional Score (LEFS) of 9 or higher compared with Review the flip flop at short term (OR 0.48 (95%CI 0.27 to 0.85)), but no difference was found in function (LEFS) when the orthosis was compared with the sandal. No difference was found in the number of patients with a Foot and Ankle Ability Measure of 8 or higher at short term when comparing the groups (online supplementary file 3).
DIsCussIOn
This systematic review and meta-analysis shows that orthosis interventions are not superior in improving pain, function or self-reported recovery when compared with other conservative interventions in patients with PHP. These findings extend the findings of a previous Cochrane review focusing on custommade orthoses. 17 A recently published systematic review by Whittaker et al found a small effect in favour of real orthoses compared with sham orthoses. 38 The difference in findings can be explained by the different definitions for short-term, midterm and long-term follow-up. In our review, we defined short term as 0 up to 3 months, midterm as 3 to 12 months and long term was defined as more than 12 months. We chose these definitions because they are commonly applied definitions in the literature and they reflect the long-term complaints of some patients with PHP experience. Patients with complaints for over 12 months are considered chronic or recalcitrant.
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What type of orthosis is best?
A total of 20 articles studied the effect of eight different types of orthoses, that is, custom-made orthosis, 15 27 36 heel cup, 20 25 static ankle brace, 24 Airheel Cast 22 and an antipronatory pad. 23 The studies also differed in time of follow-up, outcome measures and control interventions applied. For this reason, pooling of data was often not possible.
We were, however, able to pool data from six different studies, comparing custom-made orthoses, prefabricated orthoses and sham orthoses. 15 16 19-21 37 The narrow CIs around the pooled estimates imply a relatively precise estimate of the effects found. Although most of the included individual studies reported no differences in the effectiveness of the different interventions, 10 studies found a statistically significant difference on one of the outcome measures at a certain time point. 15 20 23 25 26 28 31-34 Most of those significant differences were not clinically relevant as point estimates were small compared with the minimal important difference. Landorf et al compared a commonly used prefabricated orthosis with a sham device and found a significant difference in function score of the Foot Health Status Questionnaire (FHSQ) at 3 months of 8.40 on a scale of 0 to 100 which in more than the minimal important difference of seven points, but no differences were found at long-term follow-up. 15 43 Other studies only found differences on subscales of an outcome or had methodological issues. 26 31 32 Three studies found small non-significant differences favouring customised orthotics. Even though the CIs indicated that these were close to significance, it is unlikely that the differences would be clinically meaningful due to their size. 15 19 37 A large proportion of the included studies had a relatively small sample size and 8 out of 20 had a high risk of bias. Only three studies used a sham or placebo device as a control which illustrates the difficulty in blinding patients for the type of orthosis. Sham orthoses might have some therapeutic effect as well because they are often designed to resemble the real orthosis intervention as much as possible and therefore also provide some mechanical effect. 44 45 The different approaches for the selection or prescription of foot orthoses used in the various studies may not reflect clinical practice.
Only a few studies note whether or not a clinician was consulted during the trial. 15 21 26-30 37 This may also reflect the lack of consensus in clinical practice on the treatment approach for PHP with orthoses. Additionally, in clinical trials, orthoses are prescribed to all patients randomised to the intervention group, while in clinical practice other treatment options are often also considered; the indication for orthoses depends on various variables, including patient preference and costs, and therefore the socioeconomic status of the patient. The clinician will also consider how likely a patient is to adhere to treatment based on their experience. A clear advantage of orthoses is that they do not require as much effort by the patient to adhere to the treatment compared with exercises or stretching. These challenges make the design of trials for orthotic treatment difficult. Nevertheless, RCTs with a large sample size using a valid placebo or sham intervention are needed to be able to draw firm conclusions on the effectiveness of commonly used orthoses in clinical practice.
natural history of PhP: influence on analysis
Most studies reported a significant improvement over time in patients treated with orthoses as well as patients treated with other conservative interventions. This effect is likely explained by the favourable clinical course of PHP. Previous literature has reported a complete remission of symptoms after 12 months in 80% of patients, treated with varying interventions. 6 9 Other literature found that >40% of patients still have complaints after 2 years. 10 The included studies in this review reported recovery rates at short term ranging from 10% up to 99%. 19 20 25 27 34 36 Orthoses are thought to shorten the time until pain relief. We only observed small differences at short and mid-term follow-up when the orthoses were compared with other conservative interventions. Two studies that compared an orthosis with corticosteroid injection reported that the injection was superior to the orthosis in the short term. 23 33 However, we found no evidence for this for the long term and there are putative negative effects of corticosteroid injections on long-term outcomes. 46 47 As literature on the clinical course of complaints without treatment ('wait and see') is lacking, and none of the included studies compared orthoses with 'no treatment', the additive value of orthoses remains largely unclear.
sTREngThs, lIMITATIOns AnD COnClusIOn
Our study provides a major update on the field since the 2008 Cochrane review, 'Custom-made foot orthoses for the treatment of foot pain'. 17 Additionally, we have included more types of orthoses in our review. We used rigorous methods in the search strategy, data analysis and risk of bias elements of the systematic review. 48 Limitations of this review include the heterogeneity between the included studies in types of interventions applied, outcome measures and timing of follow-up. This made data pooling difficult. We have therefore rescaled outcome measures where possible and applied predefined timeframes for short, mid and long-term follow-up. The highest I 2 found in the analyses performed was 20%, which implies little statistical heterogeneity and therefore pooling seemed justified. We also used a broad definition of PHP when searching for relevant articles. It is possible that the included articles studied different subcategories of PHP. Since the terminology of PHP is subject to discussion and because the terms used to describe this condition have changed in recent times, using a Review more narrow definition might lead to the incorrect excluding of relevant articles. 49 In summary, foot orthoses are not superior for improving pain and function compared with sham or other orthoses, or other conservative interventions in patients with PHP. We conclude that clinicians should be reserved in prescribing foot orthoses in all patients with PHP and take factors like patient preference and adherence into account.
What is already known?
Foot orthoses are often applied in the treatment of plantar heel pain despite a lack of evidence.
What are the new findings?
► There was no difference in improvement in pain or function between prefabricated, custom-made and sham orthoses in the treatment of patients with plantar heel pain. ► A significant number of studies studying foot orthoses in patients with plantar heel pain have methodological limitations.
